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ABSTRACT
An increase interest of the shoulder complex has led to additional
knowledge through research and enhancement of rehabilitation for various
shoulder disorders. Shoulder injuries are common for overhead sporting
activities, such as pitching. The pitching mechanism combines a high level of
neuromuscular coordination between the glenohumeral and scapulothoracic
muscles. The intricate balance and timing of these muscles is necessary to
allow full mobility and to maintain the dynamic stability throughout the entire
throwing motion. Any deficiency in muscular strength or timing can affect
shoulder function and potentially cause shoulder instability.
Rehabilitation and nonoperative management of shoulder pain due to
instability currently concentrates on flexibility, dynamic stabilization of the
glenohumeral joint, and strengthening of the muscles involved in pitching.
Dynamic stability is accomplished by proprioceptive training and scapular
musculature strengthening. Electromyographic (EMG) studies have analyzed
the muscle activation patterns during a normal throwing motion. This EMG
information enables therapists to identify when muscle imbalances exist and to
extrapolate the various mechanisms of injury during each stage of pitching.
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EMG studies have also shown which exercises are efficient in training the
muscles around the shoulder complex.
The purpose of this independent study is to review the pertinent anatomy
and biomechanics of the shoulder, to examine mechanisms of instability
syndromes, and to develop a rehabilitation program for the throwing athlete that
ensures flexibility and dynamic muscular balance around the shoulder.
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CHAPTER I
INTRODUCTION
The shoulder demonstrates an important balance between stability and
mobility.1 This relationship of stability and mobility is significant for the
overhead athlete to maintain in order to avoid injury. In fact, glenohumeral
instability and impingement are the most common causes of shoulder pathology
in throwing athletes. 2 ,3,4 A throwing athlete subjects the shoulder to extremely
large ranges of motion, forces, accelerations, and repetitive movements. 5
Without proper training, the repetitive, high velocity nature of throwing can lead
to microtrauma to the muscular, capsular, and ligamentous tissues. 5 ,s Injury to
both the dynamic and static stabilizers, in time, leads to glenohumeral
instability. This pathological process has led to different classification schemes
of shoulder injury due to instability.
Jobe 4 divided throwers with shoulder pain into four groups. Group 1 are
those with pure and isolated impingement and no instability, usually in older
athletes. Group 2 patients present with impingement findings and concurrent
instability due to a labral and capsular repetitive trauma. Group 3 patients
exhibit impingement findings and associated instability due to hyperelasticity

1

2
and a lax joint. Group 4 patients demonstrate isolated instability without
impingement. 4
In addition, Neer7 ,8 has described two classifications separating
mechanical impingement from impingement due to instability, Primary
mechanical impingement has been described as "impingement of the rotator
cuff beneath the coracoacromial arch." Secondary impingement is a relative
decrease in the subacromial space due to glenohumeral instability. This
instability may be due to strength deficits of the rotator cuff mechanism and of
the biceps tendon . This weakness results in overload of the passive restraints
of the glenohumeral joint during throwing activities, which results in
glenohumeral laxity.9
Another proposed mechanism of secondary impingement occurs in
throwing athletes is subacromial impingement caused by functional scapular
instability.1O,11 In this case , weakness of the scapulothoracic musculature
progresses to abnormal positioning of the scapula. Eventually, there is a
disruption in the scapulohumeral rhythm. This disruption leads to impingement
of the rotator cuff underneath the coracoacromial arch when humeral elevation
is not synchronized with scapular elevation and upward rotation. The literature
review of this paper will focus on shoulder pathology with the throwing athlete
as it is associated with shoulder instability (groups 2-4) and more specifically
secondary impingement.

3
Thorough knowledge of throwing biomechanics is necessary to
understand the complexity of the shoulder joint. Throwing is a complex
mechanism that requires a high level of neuromuscular coordination of the
muscles of the shoulder. Imbalance of shoulder musculature adds to instability
of the glenohumeral joint and affects the ratio of glenohumeral to
scapulothoracic motion during shoulder elevation. 9 ,13 The force couple of the
deltoid/rotator cuff and the force couple of the serratus anterior/trapezius are of
great importance for a throwing athlete to ensure stability. Overall,
scapulothoracic stability contributes to dynamic glenohumeral stability which
should be achieved in a strengthening or rehabilitation program.
Most protocols for shoulder rehabilitation focus on the rotator cuff
musculature. 4 ,15-18 EMG studies analyzing the muscle activation patterns in
throwing have shown which muscles are firing during the different stages of
throwing. This enables therapists to design more effective rehabilitation
programs by concentrating on those muscles involved in throwing. Also, EMG
studies have recently analyzed the function of shoulder muscles in exercises
tailored to train shoulder muscles. This knowledge has led to the development
of efficient and specific training programs for the throwing athlete.
The purpose of this paper is to review the pertinent anatomy and
biomechanics of the shoulder, to review mechanism of instability syndromes,
and to develop a rehabilitation plan for the throwing athlete that ensures
flexibility and dynamic muscular balance around the shoulder.

CHAPTER II
ANATOMY/BIOMECHANICS
The shoulder complex consists of three true joints and one functional
joint. Figure 1 is a schematic representation of the four joints comprising the
shoulder complex. In order for normal shoulder motion to take place, there
must be normal range of motion taking place in all four components. The
anatomy relative to shoulder stability includes the acromioclavicular joint, the
sternoclavicular joint, the scapulothoracic articulation, the glenohumeral joint,
the force couples associated with the shoulder and scapula, and
scapulohumeral rhythm.
Acromioclavicular Joint
The acromioclavicular joint is a small synovial joint between the lateral
end of the clavicle and the acromion. Joint stability is provided mainly by the
two parts of the coracoclavicular ligament, the conoid and trq.pezoid, which
suspend the scapula from the clavicle. These ligaments bind the lateral end of
the clavicle to the coracoid process. The conoid ligament seNes as a
longitudinal axis for scapular rotation. The trapezoid acts as a hinge for
scapular motion about a transverse axis in the frontal plane. Through these
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Figure 1.

Schematic representation of the shoulder
complex
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ligaments, the weight of the arm is transmitted to the clavicle and to the axial
skeleton. 19
Sternoclavicular Joint
The acromioclavicular joint along with the sternoclavicular (SC) joint form
the shoulder girdle. The sternoclavicular joint is the synovial articulation of the
proximal clavicle with the manubrium of the sternum and the first rib. An
articular disc is attached to the upper nonarticular portion of the medial end of
the clavicle superiorly and to the sternum and first rib below. This disc divides
the joint cavity into two compartments. 20 Movements at the sternal end of this
joint occur in the opposite direction to the acromial end. The SC joint is
dependent upon the disc, a strong capsule, and three ligaments for stability.20
The stability depends primarily on the costoclavicular ligament which attaches
the clavicle to the sternal end of the first rib.
Scapulothoracic Joint
The scapulothoracic articulation is another joint important to the shoulder
complex and its movement is significant for normal biomechanics to occur at
the shoulder joint. The joint between the scapula and the thoracic wall is a
bone-muscle-bone articulation .21 The anterior surface is separated from the
thoracic rib cage by the serratus anterior (SA) and the subscapularis. The SA
holds the scapula close to the chest and prevents scapular winging during
motion. It has been suggested that the SA and trapezius muscles are the most
important muscles acting on the scapulothoracic articulation. 4 ,1o These muscles
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act as a force couple against the deltoid during arm elevation. The SA and
trapezius achieve upward rotation of the scapula and maintain optimal
length/tension ratio for the deltoid.
Glenohumeral Joint
The glenohumeral joint is the most important component of the shoulder
complex and contributes to total shoulder motion. It is a synovial articulation
between the humeral head and the glenoid fossa of the scapula and is
enarthrodial joint with three degrees of freedom. The joint sacrifices stability for
mobility, posing problems especially for the athlete, where excess mobility can
result from external rotation, anterior humeral head displacement, and high
velocity force with repetitive motions. 22
Many factors are important for the stability of the GH joint. One factor is
the anatomical configuration of the glenohumeral joint. The size and the tilt of
the glenoid fossa can determine joint stability. Saha23 found that if the
longitudinal diameter of the glenoid fossa was less than 75% and the
transverse process less than 57% of that of the humeral head, the glenoid
cavity was hypoplastic and the joint was more likely to be unstable. Also, a
posterior tilt of the glenoid fossa was found to be more stable than an anterior
tilted fossa.
Another study24 compared the glenohumeral movements of normal
shoulders with subjects who had involuntary inferior and multidirectional (11M)
instability using cineradiography. The author used the glenoid angle and
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shoulder center edge (SeE) as object measurements. The SeE angle
indicated the centralization of the humeral head toward the glenoid cavity. As
the value of seE angle decreased, lateral deviation of the humeral head
became more prominent and the glenohumeral joint became more susceptible
to instability. The glenoid angle indicates the anatomical superior inclination of
the glenoid cavity during arm elevation. As the glenoid angle becomes smaller,
glenoid humeral stability is enhanced. The results showed that the SeE did not
increase as quickly in shoulders with the 11M instability during abduction as
compared with normal shoulders. On the other hand, the glenoid angle slowly
decreased as the shoulder approached 180 degrees compared to normal
shoulders. In conclusion, the glenohumeral movements of the 11M instability
had an excessive excursion and sliding motion as the arm was progressively
abducted.
Another factor for GH stability is an intact capsule and labrum. Unlike
other ball and socket joints, the GH relies primarily on soft tissue structures for
its stability, including three glenohumeral ligaments (the superior, middle, and
inferior) that reinforce the joint capsule anteriorly. Figure 2 is a schematic
drawing of the shoulder capsule illustrating the location of the ligaments. Many
authors have found these ligaments to be consistently present and important for
anterior stability of the glenohumeral joint.
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The inferior glenohumeral ligament (IGHL) posterior superior band
traverses from the inferior one-third of the head to the inferior two-thirds of the
anterior glenoid. The anterosuperior band runs from the anterior humeral neck
below the lesser tuberosity to the upper half of the anterior glenoid. As
abduction increases past 45 to 90 degrees, the anterosuperior band of the
IGHL becomes the predominant anterior stabilizing structure. 20 ,25-27
The medial glenohumeral ligament (MGHL) runs from the anterior
humeral neck, medial to the lesser tuberosity, to the upper half of the glenoid
and scapular neck.25 The MGHL may be thin or absent, leading to anterior
instability, particularly between 60-90 degrees of elevation. 26 The superior
glenohumeral ligament (SGHL) runs from the humeral neck on the medial ridge
of the intertubercular groove to the anterosuperior glenoid labrum.27 The
primary function of the SGHL is prevention of inferior displacement of the
humeral head in the adducted dependent arm .27 A study by O'Connell 25
demonstrates that the SGHL and MGHL are the most important capsular
structure providing anterior stability in the lower ranges of abduction. The
glenohumeral ligaments along with the labrum, coracohumeral ligament, and
joint capsule are all considered static stabilizers.
Force Couples
The dynamic stabilizers of the glenohumeral joint include the rotator cuff
muscles and the scapular rotators. In an overhead activity, such as throwing,
these muscles provide the needed leverage for generating the adequate forces
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and proper positioning of the scapula. The rotator cuff muscles (RC) consist of
the supraspinatus, infraspinatus, teres minor, and subscapularis muscles. The
RC attaches to the lesser tuberosity, the greater tuberosity, and the transverse
humeral ligament. Its primary function is to secure the humeral head in the
glenoid during elevation. The rotator cuff muscles act as a force couple with
the deltoid to pull the humeral head down into the glenoid fossa during
elevation.
The dominant force needed to rotate the arm upward is supplied by the
deltoid muscle. The shear forces of the deltoid tend to vertically displace the
humerus and are opposed by two mechanisms, the weight of the arm and
active depression by the rotator cuff muscles. 28 Figure 3 is a schematic
representation of the deltoid and rotator cuff force couple. In order to
counteract the deltoid displacement effect and achieve horizontal compression
for joint stability, the cuff musculature must be strengthened. A strong cuff
mechanism can achieve efficient arm elevation and therefore avoid soft tissue
trauma caused by vertical humeral displacement. 28
During arm elevation, the deltoid also functions in a force-couple with the
internal rotator muscles (IR) and external rotator muscles (ER) to center the
humeral head in the glenoid. 28-30 Internal rotation strength is primarily the result
of the subscapularis, pectoralis major, latissimus dorsi, and teres major.
External rotation strength is the summation of the infraspinatus and teres
minor. 30 Differences in musculature strength between the internal and external

Figure 3.

Schematic representation of the
deltoid and rotator cuff force
couple.
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rotators is implicated as an etiologic factor in glenohumeral instability.29 An
average ER deficit of 40% for both peak torque and total work compared to IR
in instability patients suggests an association between a relative imbalance of
IR strength and anterior instability.29
Other dysfunctional axioscapular muscles (trapezius and serratus anterior
(SA)) are suggested as being associated with shoulder instability. The upper
and lower fibers of the SA and the trapezius form one of the force couples that
act upon the scapulothoracic joint. This force couple produces upward rotation
of the scapula during elevation of the arm,21.28.31 preventing the humeral head
and the acromion from impinging. In the study by Glousman,13 fifteen male
athletes who were skilled in throwing and who had chronic anterior instability of
the shoulder were evaluated by dynamic intramuscular electromyography while
pitching a baseball. Indwelling wire electrodes recorded the levels of activity in
shoulder musculature throughout the entire pitching sequence. The results
were compared with previous identical studies of twelve healthy, uninjured
athletes who were skilled in throwing. The results demonstrated that the
activity of the serratus anterior is diminished throughout the pitch in the subjects
with previous instability. The lowest activity was during late cocking and
acceleration. Decreased activity of the serratus anterior diminishes the
horizontal protraction of the scapula that normally begins during late cocking.
Inadequate rotation and protraction decreases the normal space between the
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acromion and the humeral head. Less activity in the SA may also put stress on
the anterior restraints leading to inflammation and possibly impingement. 13
In a study by Warner et al 32 using Moire topography, results
demonstrated an unstable shoulder as being lower than the contralateral
asymptomatic side. Twenty-two "normal" subjects who had no prior history of
shoulder dysfunction were compared to 22 patients with anteroinferior instability
and seven patients with impingement syndrome. The Moire pattern is an
optical effect produced when a subject is positioned behind a grid of horizontal
lines illuminated by a point light source. The line shadows cast by the grid
conform to the surface topography of the subject. Fringe patterns are formed
that appear as contour lines on the subject. Moire topography was analyzed for
both a static and dynamic test. Symmetry requires that all corresponding points
are located equidistant from the center axis. Since the upper and lower
trapezius and the serratus anterior contract concentrically, any asymmetry may
indicate weakness in these muscles. 16 ,28 Sixty-four percent of patients with
anterior shoulder instability and 100% with impingement syndrome
demonstrated either asymmetry, increased topography, or scapular winging
during repetitive forward flexion.32
Scapulohumeral Rhythm
In order for the scapula to remain in contact with the humeral head, the
glenohumeral, the scapulothoracic, the sternoclavicular, and the
acromioclavicular joints need to move in a coordinated smooth pattern. This
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smooth pattern in which the scapula is rotated during arm elevation is called
scapulohumeral rhythm. According to Inman, during the first 30 degrees of arm
abduction, the scapula may rotate outward, inward, or remain stationary.33
Thereafter, the scapula rotates throughout the remainder of motion with a 2:1
ratio of glenohumeral to scapular motion. Kamkar states that scapulohumeral
rhythm serves two important purposes. First, the distribution of the motion
between the glenohumeral and scapulothoracic joints maintains the glenoid
fossa in an optimal position to receive the articular surface of the humeral head.
Second, the concurrent motion of the scapula maintains the optimal
length/tension relationship of the muscle's action on the humerus. 9
In summary, proper functioning of the force couples achieves smooth
arm elevation and enhances dynamic stability of the glenohumeral joint. The
scapular stabilization provided by the SA, trapezius, and other scapulothoracic
muscles improves the efficiency to the shoulder muscles. On the other hand,
repetitive throwing motions or overhead activities may lead to progressive
weakness of the shoulder stabilizers. Eventually, fatigue of the dynamic
stabilizers allows anterior translation of the humeral head. Anterior translation
of the humeral head leads to instability which may progress to subluxation,
impingement, and the possibility of a rotator cuff tear.

CHAPTER III
PITCHING MECHANISM
When evaluating a throwing injury, the knowledge of throwing
biomechanics leads to a complete understanding of the possible mechanisms of
injury to the shoulder. The pitching mechanism combines a high level of
neuromuscular coordination in the upper extremity, rotatory movements of the
pelvis and trunk, and strength and endurance in the lower extremities. Pitching
may be divided into four dynamic stages: wind-up, cocking, acceleration, and
follow through. 2 Figure 4 illustrates the four stages of throwing.
The first dynamic phase of pitching, the wind-up, can last for 0.5-1.0
second. 34 This is a relatively slow motion that prepares the pitcher for the
correct body posture and balance to lead into the cocking phase. The activity
is dominated by upper extremity flexion with both hands holding the ball. 2 This
phase enables the pitcher to establish rhythm and timing which would facilitate
motion of the body parts towards the area where the ball is to be delivered.
The wind-up also serves to initiate the momentum or release of energy that will
be passed on to the ball. 34-35
Cocking is the next phase that applies maximal tension to all the muscles
that will be used in accelerating the ball during the subsequent acceleration
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a
Figure 4.

b

The four stages of throwing.

c

d

(a, shows the wind-up; b, cocking;

c, acceleration; and d, follow-through.)
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phase. Cocking is a period of shoulder abduction and external rotation that
begins as the ball is released from the nondominant hand and ends when
maximum external rotation at the shoulder is attained. Contact of the forward
foot divides this stage into "early" and "late" phases. During the early phase of
the cocking stage, the pitcher achieves hand-and-ball position that is as far
back as possible. 36 The shoulder girdle complex is externally rotated (160 to
180 degrees).16,2? The arm is elevated and extended to a position of abduction

(90 degrees) and horizontal extension (30 degrees).26 Extension in the
horizontal plane results from the posterior deltoid acting on the humerus, and
the middle trapezius, and the rhomboid muscles drawing the scapula into
adduction. 31
A study compared professional versus amateur pitchers using
electromyography (EMG) on 12 muscles as they pitched a basebal1. 3? The
EMG records were converted from analog to digital signals and subjected to
computer integration, sampling at 2,500 times per second. Using the resting
signal as a baseline, a five-second standard manual muscle test was performed
on each muscle. The one-second inteNal with the most electrical activity was
designated as maximal manual muscle test (MMT). A figure expressed as a
percentage of the muscle activity was recorded during the standard MMT. The
range of 0% to 20% was minimal activity, 20% to 30% was moderate, 35% to
50% was moderately strong , and greater than 50% was marked activity.2,3,3?

Gowen et a1 3? found that the deltoid muscles in both amateur and professional

19
athletes demonstrated moderately strong activity during the early phase of
cocking (42% MMT) and minimal activity during the late phase of cocking (7%).
The supraspinatus assisted the deltoid muscles in shoulder abduction during
the early cocking stage with moderately strong activity (40%) and increased in
late cocking (45%).
The rotator cuff musculature helps maintain the humeral head within the
glenoid during early cocking stages. The infraspinatus and teres minor
contribute to the continued external rotation in the early and late cocking
phases. In addition, activity in the infraspinatus and teres minor muscles was
similar in timing and intensity.37 Early cocking was 21 % MMT and 56% MMT
with extreme external rotation of the humerus during the late cocking.
In the late phase of cocking, the dominant side of the trunk rotates
forward as horizontal protraction of the scapula is initiated, providing a forward
propulsive platform for the humerus. 36 The maximal external rotation at 90
degrees of abduction, which occurs at the end of the late cocking stage, is
limited by the passive restraints of the glenohumeral capsule and ligaments.
The most important ligamentous restraint in this is the inferior glenohumeral
ligament. 38
At the end of the cocking phase, the subscapularis, pectoralis major, and
latissimus dorsi are very active as a protective mechanism to decelerate the
external rotation motion. 2-3 Also, the biceps brachii maintains elbow flexion at
approximately 90 degrees at the end of the cocking phase. 12 .39 The biceps
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brachii showed peak activity in both amateur and professional pitchers while
flexing the elbow during the late cocking stage (41 % MMT).37
The serratus anterior provides a stable glenoid against which the
humerus can rotate by controlling the scapulothoracic joint during late cocking.
The serratus anterior has its greatest activity during the late cocking. The
serratus anterior has its greatest activity during the late cocking stage just prior
to maximal external rotation. 3.37 This strong activity is continued in the
acceleration stage with horizontal forward flexion of the humerus and
protraction of the scapula.37
Acceleration, the third stage, starts with the posture of maximum
abduction and lateral rotation at the shoulder and continues until the ball is
released. This is approximately 2% of the pitching act and lasts an average of
50 milliseconds. 34 During this time, the ball must be accelerated from zero to
approximately 80 miles per hour. The energy developed by the body moving
forward is transferred to the throwing arm to accelerate the humerus. The
pectoralis major, latissimus dorsi, serratus anterior, and triceps muscles provide
the propulsive force during the acceleration phase. 12 Contraction of the internal
rotators, especially the subscapularis muscle, enhances the energy produced
as the humerus is internally rotated from the extreme position of external
rotation.
During the acceleration phase, deceleration forces are used to stop the
horizontal adduction movement of the humerus as the elbow is brought closer
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to the pitcher's side. These eccentric forces are applied by the three posterior
rotator cuff muscles (supraspinatus, infraspinatus, and teres minor).4o
Follow-through occurs after the ball is released and can be divided into
early and late phases using maximum medial rotation of the humerus as a
marker. The early phase of follow-through is a brief phase completed in less
than 0.1 seconds. 14 Maximal medial rotation occurs followed by adduction of
the humerus across the front of the body. The deltoid and rotator cuff muscles
become very active to slow down the internal rotation and horizontal adduction
of the humerus with eccentric muscle contractions. The biceps react
eccentrically to slow elbow extension and forearm pronation.
In summary, throwing places a great demand on the musculature around
the glenohumeral joint and scapula to accelerate and decelerate the arm.
These muscles either contract concentrically or eccentrically to stabilize the
glenohumeral and scapulothoracic joints during throwing. (Table 1) The major
muscles contracting concentrically to accelerate the ball include the pectoralis
major, serratus anterior, and latissimus dorsi. The subscapularis muscle
contracts concentrically to enhance acceleration by internally rotating the arm.
In the follow-through phase, these muscles function to decelerate the extremity.
The rotator cuff muscles contract eccentrically and assist the deltoid to
decelerate the arm.

22
Table 1. Type of muscle contraction through
the phases of throwing
Muscle

Windup

Anterior Deltoid

Early
Cocking

Late
Cocking

Acceleration

FollowThrough

con

Mid-Deltoid

iso

con

ecc

Posterior Deltoid

iso

con

ecc

Supraspi natus

con

Subscapularis

con

con

ecc

con

ecc

Infraspinatus

con

con

ecc

ecc

Teres Minor

con

con

ecc

ecc

Latissimus Dorsi

ecc

con

ecc

Serratus Anterior

con

con

ecc

Upper Trapezius

con

Mid-Trapezius

con

Lower Trapezius

con

Rhomboids

con

Triceps
iso = isometric
con = concentric
ecc = eccentric

ecc

ecc

Pectoralis Mj/Mn
Biceps Brachii

ecc

ecc

iso

con

con
con

CHAPTER IV
MECHANISM OF INJURY
The intricate balance and timing of the muscles in the shoulder and
scapular complex are necessary to allow full mobility and to maintain the
dynamic stability throughout the throwing motion. In this complex stabilizing
mechanism, any deficiency can affect shoulder function. For example,
repetitive high-velocity throwing motions can result in chronic microtrauma
involving the stabilizing mechanisms of the glenohumeral joint. 12 ,41 Minor
anterior instability from repetitive trauma causes the dynamic stabilizers to
attempt to compensate for the instability. The scapular rotators also try to
provide added scapular rotation for stability. The dynamic stabilizers fatigue
allowing anterior translation of the humeral head. Therefore, during each stage,
stresses from overhead throwing can cause injury.
During the cocking phase, inability of the shoulder to achieve the required
horizontal extension and/or lack of external rotation will limit the velocity of the
throw.16 As the glenohumeral joint is externally rotated, the anterior capsule
becomes taut, causing microtrauma to the capsule. During the horizontal
extension component, inadequate stabilization of the humeral head through
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rotator cuff action may produce a compressive stress against the anterior
capsule and glenoid labrum.
The acceleration phase produces a large amount of stress on the
musculotendinous unit. The eccentric contraction of the pectoralis major,
subscapularis, latissimus dorsi, and teres major from the cocking phase is
immediately followed by a concentric contraction of these same muscles to
propel the arm forward. This sudden change of force may cause injury to the
musculature tissue. The study by Gowen et al 37 found that professional
pitchers predominantly used the subscapularis muscle during acceleration, in
contrast to the amateurs who activated all of the rotator cuff muscles and
biceps brachii for power. This was also true for the latissimus dorsi muscle.
The latissimus dorsi muscle contributed to humeral internal rotation during
acceleration 133% in professionals, with minimal activity among the amateurs
(14% MMT).37 Proper strengthening of these muscles for a pitcher can help

decrease the chance of injury.
The final stage, follow-through, relies on force couples between the
glenohumeral joint and the scapulothoracic motions to allow for horizontal
flexion and internal rotation. Also, full protraction of the scapula is necessary to
dissipate the forces generated and to allow the glenoid cavity to follow the
humeral head. 42 Full protraction decreases the chances of tensile overload
injury to the posterior structures and allows for maximal performance while
th rowi ng .11
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Kibler1o,11 describes four consequences that will occur in the overhead
throwing motion if the roles of the scapula are not being performed correctly.
All phases of the throwing motion can be affected if the scapula is unable to
move correctly. The first is the loss of the anchoring position of the scapula
decreasing the effectiveness of the muscles attached to the scapula. The
length-tension curve may be altered causing muscles to be inefficient during
contraction. A lateral scapular slide test developed by Kibler11 measures the
loss of the anchoring position. The lateral scapular slide test is the distance
between the inferior scapular angle and the spinous process of the closest
vertebral body measured in three positions. In a study by Kibler,1O he
compared symptomatic throwing athletes to an activity-matched control group.
Kibler10 found that the symptomatic group showed a significant increase (> 1 cm
side-to-side difference) in the lateral scapular slide distance in the second and
third positions compared with the control group. The author concluded that an
increase in the lateral scapular slide distance in the throwing athletes indicated
functional scapulothoracic instability.11
A second problem to the throwing athlete may occur if the capsular
ligaments and muscular soft tissue stabilizers are disrupted causing a change in
flexibility.11,43 A change of normal flexibility may lead to altered biomechanics of
the glenohumeral joint during range of motion. Eventually, an anterior tilted
glenoid may occur causing microtrauma and lead to subluxations. 11 ,43-44
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A loss of scapular retraction is the third reason described by Kibler which
can alter the normal biomechanics in throwing. A decrease in retraction makes
it difficult to achieve the optimal positioning of external rotation and abduction,
thereby causing a loss of placement of the humerus in the follow-through. The
arm will then be in a more anterior position at the start of acceleration. ll
Finally, loss of acromial elevation increases the chance of rotator cuff
impingement and alteration of the normal throwing position of the glenohumeral
joint. l1 Any alteration of the throwing arm position causes a change in throwing
mechanics, and a consequent decrease in performance. Strength deficits in the
trapezius and serratus anterior are more likely to cause loss of this acromial
elevation. 11
In conclusion, each stage of throwing places stresses on the shoulder
complex from decreased flexibility, muscular imbalance, and poor scapular
positioning wh ich all have the potential of causing injury. Kibler describes the
scapula as being the central pivot around which throwing motion occurs and it
is the scapula that determines normal motion at the glenohumeral joint.
Understanding the mechanism of injury and at which stage it occurs assists the
therapist in designing an appropriate treatment program.

CHAPTER V
REHABILITATION
Rehabilitation of the shoulder starts with a complete evaluation of
possible instabilities, muscle weaknesses, and abnormal mechanics. A
program should be carefully designed and individualized to meet the needs of
the throwing athlete which are determined from the initial evaluation. The goals
of rehabilitation program are to: 1) return to normal passive and active range of
motion, 2) reestablish synchrony of motion, 3) increase strength and endurance,
and 4) return to pitching. The therapist has the option of designing a program
that can either provide preventative therapy or an actual treatment program
keeping the above goals in mind.
The goal of the flexibility program is to obtain normal glenohumeral
motion. Achieving normal glenohumeral and scapulothoracic motion is an
absolute necessity before strengthening programs are begun. 16 Stretching must
be carefully implemented because it may increase underlying problems. For
example, although it is beneficial to maximize external rotation for force
generation, stretching into an abducted, extended, and externally rotated
position may exacerbate anterior subluxation. Stretches emphasizing the
posterior capsule (figures 5 and 6) are recommended by many authors. 14 ,45-47 It
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Figure 5. An example of a stretch for
posterior capsule~
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Figure .6.

..

Alternative stretch for the
posterior and inferior capsule .

.'
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has been shown that increasing internal rotation and eliminating posterior
capsular tightness improves the performances of the thrower.47
A stable shoulder begins at the scapula and is essential during the entire
pitching sequence. Establishing synchronicity along with flexibility of the
muscles around the scapula is important before initiating a strengthening
program. Using rotator cuff strengthening exercises as a starting point for
rehabilitation will result in further pain and soreness if the scapular stabilizing
musculature is weak. 11 If a pitcher is unable to perform abduction, horizontal
extension, and external rotation symmetrically, improper biomechanics will be
carried into the strengthening program. 16 Weakness or lack of dynamic
scapular stabilization will be evident by watching the scapulohumeral rhythm.
Treatment progression for scapular stability is guided by following a
sequence of mobility, stability, controlled mobility, and skilled motion. Scapular
sets can be performed in any position, such as sidelying, prone, or supine. The
purpose is to assure glenohumeral joint mobility with scapular stabilization. 44.48
Table 2 shows an example of the proper sequencing of scapular setting drills.
These drills are designed to challenge the scapular force couples. The
movement progresses from straight planes to circular movements to diagonal
patterns, and the emphasis is on quality, not quantity, of movement. A
commonly performed pattern is the D2 flexion/extension pattern with rhythmic
stabilization technique applied at various points in the range of motion, such as
30, 60, 90, and 120 degrees of elevation. 49 This exercise provides dynamic
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Table 2. Proper sequencing of scapular setting drills

Scapular Exercise

*

**

Suggested Treatment

Soft Tissue Release

for scapularlvertebral or
scapulohumeral musculature

Passive Patterning*

down and back against the rib
cage; then up and forward on
thorax

Tonic Holding

do for positioning throughout the
range; activate lower trap and
serratus anterior

Active Patterning

slight facilitation at lower trapezius

Tonic Holding with
Glenohumeral Holding**

guide patient through 30 of flexion
as patient holds

Patient should experience the movement of the scapula.
Patient should learn to activate the musculature needed to stabilize the
scapula.
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stability by enhancing isometric control of the humerus by firing of the
glenohumeral muscles and co-contraction of pertinent force couples at various
levels of motion.
Another similar concept to improving dynamic stabilization is the use of
closed kinetic chain exercises. The concept of closed kinetic chain exercise is
defined as the distal segment being relatively fixed to an immovable object. 48 ,49
These exercises provide joint approximation forces, which promote cocontraction about the joint and therefore enhance dynamic stability. An
example of a closed kinetic chain exercise to be administered early in a
rehabilitation program may be weight shifts in quadruped. This can be
advanced to hand supported weight shifts against a wall to eventually a more
challenging position in which the patient can place their hands on a ball in the
push-up position.
Once proper scapulohumeral rhythm is established, the emphasis is
placed on strengthening the rotator cuff and the scapular rotators. Adequate
strength of the rotator cuff musculature provides dynamic stability of the
glenohumeral joint and will help decrease the humeral head from migrating in
the capsule. The scapular rotators assist in glenohumeral stability and assure
synchrony the scapula with the glenohumeral joint.
Several authors have designed rehabilitation programs for the
scapulothoracic and rotator cuff musculature based on electromyographic
studies. Mosely et al 36 studied 16 exercises using indwelling electromyographic
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electrodes and cinematography. The eight muscles studied were the upper,
middle, and lower trapezius, levator scapula, rhomboids, pectoralis minor, and
the middle ad lower serratus anterior. Each exercise was divided into 30
degree arcs of concentric and eccentric motion with an isometric contraction at
the top of the range except for four exercises. The exceptions were the pushup (with a plus and hands apart), the shoulder shrug, and the press-up. The
push-ups were divided into arcs based on elbow flexion, and the shrug and
press-up were divided into arcs reflecting the two halves of the upward motion,
an isometric hold, and the two halves of the downward motion. The EMG
activity was averaged for each arc and expressed as percent MMT. The
optimal exercises for each muscle were identified based on intensity (greater
than 50% maximal manual muscle test) and duration (over at least three
consecutive arcs of motion) of the muscle activity. Twelve exercises qualified
as effective exercises for at least one of the muscles. Four of these exercises
provided a foundation to exercise scapular muscles. These include scaption,
rowing, push-up with a plus, and press-up. Scaption with humeral external
rotation recruited six muscles. Rowing focused on scapular retraction and had
the highest peak intensity of muscle activity compared to other exercises that
focused on scapular retraction. Push-up with a plus had higher peak intensity
than the push-up and both recruited three muscles. The press-up was the only
exercise that recruited the pectoralis minor and met the criteria of the study.
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A similar study by Townsend et al 17 studied nine glenohumeral muscles:
three parts of the deltoid (anterior, middle, and posterior), the pectoralis major,
the latissimus dorsi, and the rotator cuff. The results of this study suggest four
exercises (elevation in the scapular plane with thumbs down, flexion , horizontal
abduction in external rotation, and press-up) as essential exercises to be
included in a shoulder rehabilitation program of the glenohumeral muscles.
Blackburn et ailS evaluated exercises in various positions in order to
develop a more efficient rotator cuff exercise program. Twenty-eight subjects
were studied using fine wire intramuscular electrodes in the supraspinatus,
infraspinatus, and teres minor muscles. The subjects performed 23 exercises
against a four-pound wrist weight to determine maximal integrated EMG activity.
The EMG activity produced in the supraspinatus was maximized when the
subject horizontally abducted an externally rotated humerus while prone. The
infraspinatus and teres minor EMG activity were maximized in the prone
position with external rotation movement of the arm with the glenohumeral joint
at 90 degrees and the elbow at 90 degrees.
A similar study analyzed EMG activity of the supraspinatus in shoulder
isometric force development. 5o The purposes of this study were to compare two
test positions for supraspinatus EMG activity and maximal voluntary isometric
contraction force development of the shoulder. The results of this study are in
agreement with Blackburn et al that the prone position produced significantly
greater EMG activity in the supraspinatus muscle than in standing , but in
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conflict with Townsend et al. Townsend et al 17 had four exercises that met the
criteria of the study. The top exercise for the supraspinatus was the military
press. Scaption with internal rotation was second followed by flexion and
scaption with external rotation respectfully.
The results of these studies should be viewed carefully due to different
methods in collecting EMG activity. Blackburn et al determined maximal
integrated EMG activity while Townsend et al used a maximal voluntary
contraction for each of the rotator cuff muscles. Also, studies are difficult to
compare when EMG activity is recorded during active movement versus
controlled isometric contractions. Suggested exercises used to strengthen the
scapulothoracic and glenohumeral muscles are summarized in Table 3.
Many protocols used dumbbell weights or manual resistance to improve
strength and endurance. In the throwing shoulder, muscles perform as
accelerators and/or decelerators. Therefore, more sport specific rehabilitation
using theraband, sport cords, and upper extremity plyometrics would prepare
the athlete to return to activity. These exercises are included once the athlete
has full ROM and no pain or tenderness is noted. The goals are to improve
strength, power, endurance, and to enhance neuromuscular control.
Theraband and sportcords can be used both concentrically and, more
importantly, eccentrically. Sport specific actions such as throwing can be
imitated with very high loading rates, though it is probably impossible to
replicate the muscle forces and loading rates achieved in an actual baseball
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Table 3. Suggested exercises for the scapulothoracic
and glenohumeral muscles.
MUSCLE

SUGGESTED EXERCISE

Subscapularis

Scaption IR, Military Press 15

Supraspi natus

Scaption IR, Military Press,15
Prone Horiz. Abd. in ER16

Infraspinatus

Prone Horiz. Abd. in ER,15,16
External Rotation,15 Horiz. Abd. in IR,15
Flexion, Abduction,15 Prone ER in 90 Abd.
and EF16

Teres Minor

External Rotation, Horiz. Abd. in ER,15
Prone ER in 90 Abd. and EF16

Pectoralis MJ/MN

Press_up,15,36,42 Push- up 15

Ant/Mid Deltoid

Scaption IR, Scaption ER, Flexion,15 Horiz.
Abd. in IR 15

Mid/Pos Deltoid

Horiz. Abd. in ER and IR,15 Rowing 15 ,47

Serratus Anterior

Scapular Plane Abd.,36 Push-up with a
Plus,15,36,42 Up-right Rowing 15

Up-Trapezius

Shoulder Shrugs,13,47 Scaption, Rowing 15

Mid-Trapezius

Rowing,36 Scaption IR, Horiz. Abd. in ER 15

Low-Trapezius

Rowing,36 Scaption 15,42

Rhomboids

Rowing, Horiz. Abd.,15,36 Shoulder Shrugs47

Latissimus Dorsi

Press-up,15 Lat Pull-Downs 47

IR = Internal Rotation
ER = External Rotation
Abd. = Abduction
Horiz. = Horizontal
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pitch. Emphasis at the beginning of the resistance training program is on slow,
controlled motion in a painfree range. The amount of resistance depends on
the level of conditioning and discomfort. Eventually, the goal is to reproduce
the actual biomechanics of an overhead throw using a ball that is attached to
the cord.
Plyometric exercise uses the elastic and reactive properties of a muscle
to generate maximal force production . In normal muscle function , the muscle is
stretched before it contracts concentrically; hence, eccentric-concentric
coupling, also referred to as the stretch-shortening cycle. These stretchshortening drills employ three phases, all intended to stimulate the body's
proprioceptors to facilitate an increase in muscle recruitment over a minimal
amount of time. The first phase is the setting or eccentric phase, where a rapid
prestretch applied to the musculotendinous unit stimulates the muscle spindle.
The second phase is the amortization phase, representing the time between the
eccentric and concentric phases. This time should be as short as possible in
order to decrease the amount of elastic energy wasted as heat. The final
period of the stretch-shortening phase is the concentric response phase.
During this phase , the athlete concentrates on the effect of the exercise and
prepares for initiation of the second repetition .
Wilk et al 51 have established a stretch-shortening exercise program for
the overhead athlete. Table 4 is a modification of the Wilk et al upper extremity
stretch-shortening program. These exercises are excellent training activities
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Table 4. A upper extremity plyometric program.

Warm-up
MB Rotation
MB Side Bends
MB Wood-Chop
MB Chest Pass
Tubing

Throwing Movements
M B Socce r Th row
MB Overhead Throw
MB Step and Pass
MB Twist Throw
Tubing (IR/ER, diagonals)
Plyo Push-up Series
Plyo Ball Throws

Trunk Movements
MB Sit-ups
MB Extensions
Russian Twists

MB = Medicine Ball
IR = Internal Rotation
ER = External Rotation
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prior to initiating a throwing program but should actually be combined with the
traditional strength training throughout the year.
A throwing program is initiated when the pitcher has full range of motion,
normal strength and biomechanics, along with confidence in the shoulder.
Progression is gradual starting with low intensity short distance throwing and
advancing to full velocity fast ball pitches off the mound. Basic guidelines are
to begin throwing distances at 30-45 feet with 25-50 throws in a set. Each
phase should have a warm-up and cool-down with two to three sets and a fiveminute rest between each set. It is suggested to throw two consecutive days
followed by one day of rest. 43 Eventually, the final phases should include
throws of 150-180 feet and 10-50 throws in a set.
In the early phases of a throwing program, fluidity of motion and
accuracy are stressed while velocity is of little concern. 14 During the early
phases, the throw should be delivered in an arc with the pitcher concentrating
on proper mechanics and use of the total body. Progression through the
phases of a program can occur when the athlete is completely comfortable
during and following throwing on that day. A dull, diffuse pain may be
experienced in the shoulder muscles and tendons. If this pain becomes sharp,
particularly in the joint, decrease the intensity or regress to the previous phase.
Once a pitcher is able to throw comfortably, form pitching off the mound
is initiated. Attention to proper throwing mechanics is given and intensity of
throw is progressively increased. Initially, a pitcher should throw fast balls and
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once maximum velocity is achieved with comfort, breaking balls are introduced
in the throwing program.
The key to a successful rehabilitation program stems from a thorough
evaluation and developing an individualized program for the throwing individual.
The goals are to return to appropriate painfree active and passive range of
motion, while emphasizing and reestablishing normal scapulohumeral rhythm.
An effective strength training regime should include improving strength and
function of the muscles that control the position of the scapula. 42 Finally, an
overhead thrower's exercise prescription should emphasize eccentrics,
concentrics, and plyometrics. 48 These exercises should prepare the athlete to
return to activity or provide a base before starting a throwing program .

CHAPTER VI
CONCLUSION
Throwing a baseball places a unique demand on the shoulder complex.
The shoulder is more prone to injury because it upholds a precarious balance
between mobility and stability. The stability of the glenohumeral joint is
provided mainly by the capsular, ligamentous, and musculature structures.
Dynamic stability is supplied by the rotator cuff mechanism. The rotator cuff
muscles act as a force couple with the deltoid to secure the humeral in the
glenoid and, therefore, avoid soft tissue trauma that can occur because of
vertical humeral displacement.
A mechanically unsound shoulder is more likely to predispose the
shoulder to microtrauma in the musculotendinous stabilizers because of the
repetitive, high velocity nature of throwing. The additional stress and injury to
this musculature leads to asynchronous firing of the shoulder muscles and,
therefore, a decrease in the dynamic stability. Consequently, the static
stabilizers become responsible for stability and eventually fail leading to
glenohumeral instability.
Another mechanism of instability is injury to the scapular stabilizers
altering normal scapulohumeral rhythm . Weakness of the scapulothoracic
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musculature may lead to secondary subacromial impingement through
disruption of the scapulohumeral rhythm, abnormal scapular positioning, and
functional scapulothoracic instability.10
Stability at the scapulothoracic joint is primarily dependent on the force
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couple between the trapezius and the serratus anterior. This force couple
produces upward rotation of the scapula during arm elevation allowing a stable
base from which glenohumeral mobility can occur. Without a strong, stable
base, the glenoid fossa may become more anteriorly tilted, thereby stressing
the anterior structures leading to instability.11 Saha also describes an anterior
tilted glenoid as unstable and more common among in overhead athletes. 23
A rehabilitation program designed to emphasize normal scapulothoracic
rhythm through neuromuscular training along with strength and endurance
exercises for weak rotator cuff and scapulothoracic musculature is imperative
for the overhead athlete. Glousman et al 13 demonstrated imbalance in the
shoulder muscles is associated with glenohumeral instability.13 Mild increased
activity in the biceps and the supraspinatus suggests that these muscles are
trying to compensate for laxity in the anterior capsule. The pectoralis major,
subscapularis, latissimus dorsi, and serratus anterior all had a decrease in firing
rate especially in the late cocking phase. This decrease in activity may add to
anterior instability.13 This study suggests the need to improve synchrony of
motion around the shoulder and strengthen any muscular deficits especially
those noted in the internal rotator muscles and the serratus anterior.
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An EMG study of amateur pitchers versus professional pitchers noted the
differences in firing patterns between the two in the different stages of
throwing. 37 For example, professional pitchers used the subscapularis
predominantly among the rotator cuff muscles to accelerate the ball, whereas
the amateurs activated the other rotator cuff muscles and the biceps brachii for
power. The muscles more extensively used by the skilled throwers as
compared with the amateurs include the pectoralis major, latissimus dorsi, and
the serratus anterior contracting eccentrically to protect the anterior part of the
shoulder during late cocking . Whereas, during the follow-through stage of
throwing, full protraction of the scapula is necessary to dissipate the previous
forces generated and decreases the tensile overload injury to the posterior
structures. 11 ,42 Force couples eccentrically contract, between the glenohumeral
joint and the scapulothoracic joint, to decelerate the arm into internal rotation
and horizontal flexion . It is during this eccentric overload that injury can take
place if the muscles are not properly strengthened. 49
This information can provide a base for understanding mechanics of
throwing injuries. In addition, the results of these studies can help prevent
further instabilities and can enhance performance by developing and focusing a
protocol on an individual's strengths and weaknesses. When designing a
rehabilitation program, the ultimate goal is to ensure appropriate flexibility and
dynamic muscular balance around the shoulder allowing the throwing athlete to
return to pitching.
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